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It  i s  concluded  t h a t  a r e a c t i o n  t h r u s t  sys t em 

u s i n g  e i t h e r  two a x i s  c o n t r o l  w i t h  s p i n  up or t h e  POP 

mode ( i . e .  OWS roll a x i s  p e r p e n d i c u l a r  - t o  - o r b i t  p l a n e )  - 
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p r e s e n t  u n c e r t a i n t y  r e g a r d i n g  t h e  e f f e c t s  o f  s p i n .  



BELLCOMM. INC. 
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: S t u d i e s  of S o l a r  O r i e n t a t i o n  
for AAP-l/AAP-2 - Case 600-3 DATE: Sep tember  8 ,  1967  

FROM: J .  Kran ton  

MEMORANDUM FOR F I L E  

I N T R O D U C T I O N  

T h i s  memorandum i s  a d iges t  o f  t h e  r e s u t l s  o f  s t u d i e s  
on s o l a r  o r i e n t a t i o n  o f  t h e  OWS/CSM s p a c e c r a f t  on t h e  AAP-l/AAP-2 
m i s s i o n  . R e a c t i o n  t h r u s t  and CMG methods were c o n s i d e r e d .  The 
r e s u l t s  o f  t h e s e  s t u d i e s  t o g e t h e r  w i t h  a s p e c i f i c  recommendat ion 
were p r e s e n t e d  t o  C .  W .  Mathews on August 26 ,  1967.  The vu- 
g r a p h s  u s e d  i n  t h a t  p r e s e n t a t i o n  a re  u s e d  as f i g u r e s  i n  t h i s  
memorandum. The t e x t  o f  t h e  memorandum assumes f a m i l i a r i t v  
w i t h  t h e  background l e a d i n g  t o  t h e  s t u d i e s .  Shou ld  t h e  r e a d e r  
des i r e  a m p l i f i c a t i o n  on any o f  t h e  p o i n t s  i n  t h e  t e x t  or t h e  
f i g u r e s  p lease  c o n t a c t  t h e  a u t h o r .  

R E A C T I O N  THRUST METHODS 

The b a s i c  p r e m i s e  f o r  t h i s  phase  o f  t h e  s t u d y  was 
t h a t  r e a c t i o n  t h r u s t e r s  a r e  mounted on t h e  a f t  s k i r t  o f  t h e  
S-IVB ( F i g u r e  1). The l o n g  moment arm t h i s  l o c a t i o n  p r o v i d e s  
m i n i m i z e s  t h e  p r o p e l l a n t  r e q u i r e d  t o  c o u n t e r a c t  g r a v i t y - g r a d i e n t  
and  aerodynamic  d i s t u r b a n c e  t o r q u e s .  

A l t e r n a t e  methods o f  d o c k i n g  t h e  CSM t o  t h e  OWS a r e  
shown on F i g u r e  2 .  The p o r t  3 dock has t h e  d i s a d v a n t a g e  t h a t  
i n  a s o l a r  o r i e n t a t i o n  t h e  s ides  o f  t h e  CSM d o  n o t  f a c e  t h e  
s u n .  T h i s  t r a n s l a t e s  i n t o  a power bu rden  t o  m a i n t a i n  a s a t i s -  
f a c t o r y  env i ronmen t  i n  t h e  CSM. F o r  t h i s  r e a s o n  t h e  p o r t  3 
dock  i s  r e j e c t e d .  

The v a r i o u s  r e a c t i o n  t h r u s t  methods s t u d i e d  f o r  s o l a r  
o r i e n t a t i o n  are l i s t e d  F i g u r e  3 and  are  p o r t r a y e d  on F i g u r e s  4 
t h r o u g h  9 .  

A t  t h i s  p o i n t  we w i l l  e l i m i n a t e  t h e  q u a s i - i n e r t i a l  
mode. The r e a s o n  i s  t h a t  i m p l e m e n t a t i o n  o f  t h i s  mode i s  
more complex t h a n  any o f  t h e  o t h e r  modes w h i l e  t h e  p r o p e l l a n t  
r e q u i r e m e n t s  a re  n o t  r emarkab ly  l e s s .  

( l ) B .  D .  E l r o d , " Q u a s i - I n e r t i a l  S t a b i l i z a t i o n  o f  t h e  A A P - 1 /  
AAP-2  C l u s t e r  Configuration",Technical Repor t  TR-67-600-3-1, 
A p r i l  1 4 ,  1967 .  
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Each o f  t h e  r e a c t i o n  t h r u s t  methods was s i m u l a t e d  ( 2 )  
t o  d e t e r m i n e  t h e  p r o p e l l a n t  r e q u i r e m e n t s  for a 28-day m i s s i o n .  
The r e s u l t s  are  p r e s e n t e d  i n  F i g u r e s  1 0  t h r o u g h  13 .  The c u r v e s  
i n d i c a t e  t h e  p r o p e l l a n t  r e q u i r e d  f o r  s t a b i l i z a t i o n  f o r  28  days  
assuming B c o n s t a n t .  A c t u a l l y  B i s  v a r i a b l e  and t h e  r e a l  
r e q u i r e m e n t  depends on t h e  a v e r a g e  v a l u e  o f  B .  ( 3 )  Analyz ing  
t h e  r e s u l t s ,  w e  see t h a t  t h e  g r a v i t y - g r a d i e n t  r o l l - c o n t r o l  
mode d o e s  n o t  o f f e r  p r o p e l l a n t  s a v i n g s  o v e r  o t h e r  s o l a r  
o r i e n t e d  modes. T h i s  coupled  w i t h  deg raded  s o l a r  e f f i c i e n c y  
and  a more s e v e r e  OWS e n v i r o n m e n t a l  c o n t r o l  problem e l i m i n a t e s  
t h i s  mode from f u r t h e r  c o n s i d e r a t i o n .  

We conc lude  t h a t  f rom a minimum p r o p e l l a n t  v i ewpo in t  
t h e  two b e s t  modes are  (1) two a x i s  c o n t r o l  w i t h  s p i n  up and 
( 2 )  POP ( i . e .  OWS roll a x i s  p e r p e n d i c u l a r  to o r b i t  p l a n e . )  A 
summary o f  t h e  r e q u i r e m e n t s  T o r  t h e s e  modes is g i v e n  i n  F i g u r e  1 4 .  
It s h o u l d  be  n o t e d  t ha t  t h e  POP mode r e q u i r e s  t h e  l e a s t  p r o p e l l a n t  

h o r i z o n  s e n s o r s  t o  t h e  A A C S .  The number o f  APS modules shown 
are s u f f i c i e n t  f o r  t h e  e n t i r e  Qb!S m i s s i o n .  

- -  b u t  has t h e  d i s a d v a n t a g e  sf ~ ~ ~ ~ i T ~ ~ ~ i > ~  h ( j 3 i t i o n  ,-s 7 p a i r  of 

Concluding  r e m a r k s  on t h e  r e a c t i o n  t h r u s t  methods 
a r e  g i v e n  on F i g u r e  1 7 .  

CMG METHODS 

The r e s u l t s  o f  t h e  s t u d i e s  o f  CMG methods for s o l a r  
o r i e n t - a t i o n  a r e  summarized on F i g u r e  1 9 .  B r i e f l y ,  s i m u l a t i o n s  
have  demons t r a t ed  t h a t  an  a c t i v e  sys t em w i t h  two CMG's can 
a d e q u a t e l y  s o l a r  o r i e n t  t h e  OWS/CSM. D e f i n i t e  c o n c l u s i o n s  on 
a p a s s i v e  CMG sys t em a r e  not  a v a i l a b l e  as o f  t h i s  w r i t i n g  due 
t o  d i f f i c u l t i e s  w i t h  t h e  s i m u l a t i o n .  However, t h r e e  C M G ' s  
may be r e q u i r e d  f o r  such  a s y s t e m .  

An a c t i v e  two C M G  s y s t e m  w i l l  b e  more c o s t l y  i n  b o t h  
s y s t e m  weight  and d o l l a r s  t h a n  a r e a c t i o n  t h r u s t  sys t em and i s  
t h e r e f o r e  n o t  recommended. 

( * ) T h e  s i m u l a t i o n s  i n c l u d e d  t h e  e f f e c t s  of g r a v i t y - g r a d i e n t  
and  aerodynamic t o r q u e s .  

( 3 ) W .  W .  Hough, "The E f f e c t  o f  Launch T i m e  on t h e  Performance 
o f  a Solar A r r a y / B a t t e r y  E l e c t r i c a l  Power System", T e c h n i c a l  
Memorandum TM-67-1022-3, J u l y  11, 1 9 6 7 .  
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CONCLUSION: 

It i s  concluded  t h a t  a r e a c t i o n  t h r u s t  sys t em u s i n g  
e i t h e r  two a x i s  c o n t r o l  w i t h  s p i n  up or t h e  POP mode i s  s u i t -  
ab l e  f o r  s o l a r  o r i e n t a t i o n .  O f  t h e s e  two modes t h e  POP mode 
a p p e a r s  p r e f e r a b l e  p r i n c i p a l l y  due t o  t h e  p r e s e n t  u n c e r t a i n t y  
r e g a r d i n g  t h e  e f f e c t s  o f  s p i n .  The a d v a n t a g e s  and d i s a d v a n t a g e s  
o f  t h e  POP mode are l i s t e d  on F i g u r e  2 0 .  

1 0  2 2 - JK-me  f J .  Kranton  

At t achmen t s  
F i g u r e s  1 t h r o u g h  2 0  
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